D espite advances in medical and surgical treatment, infective endocarditis remains a serious disease that carries a considerable risk of death and morbidity. 1, 2 The role of surgery in the treatment of infective endocarditis has been expanding, and current guidelines advocate surgical management for complicated left-sided infective endocarditis. 2, 3 Early surgery is strongly indicated for patients with infective endocarditis and congestive heart failure, 1,4 but the indications for surgical intervention to prevent systemic embolism remain to be defined. 5 Early identification of patients with large vegetations and a high risk of embolism, 6 increased experience with complete excision of infected tissue and valve repair, and low operative mortality have been cited as favoring early surgery, 4,7 but there has been concern that such surgery may be more difficult to perform in the presence of active infection and inflammation. 8 The two sets of consensus guidelines for the performance of early surgery on the basis of vegetation are different, reflecting controversy. The 2006 American College of Cardiology-American Heart Association (ACC-AHA) guidelines 9 recommend early surgery as a class IIa indication only in patients with recurrent emboli and persistent vegetation, whereas the revised 2009 European Society of Cardiology guidelines 3 recommend early surgery as a class IIb indication in patients with isolated, very large vegetations (>15 mm in diameter). Because of ethical, logistical, and financial constraints, no randomized trial has been conducted to clarify the indications for surgery and the timing of it that would associated with favorable outcomes. 4 The Early Surgery versus Conventional Treatment in Infective Endocarditis (EASE) trial was designed to compare the clinical outcomes of early surgery with those of a conventional-treatment strategy that is based on current guidelines for patients with left-sided infective endocarditis and a high risk of embolism. The major hypothesis of this trial was that early surgery would decrease the rate of death or embolic events, as compared with conventional treatment.
ME THODS

STUDY DESIGN
We conducted this prospective, randomized trial involving patients with infective endocarditis who were candidates for both early surgery and conventional treatment at two medical centers in Korea. The study protocol (available with the full text of this article at NEJM.org) was approved by the institutional review board at each participating center. We designed the protocol and conducted the trial in accordance with the principles of the Declaration of Helsinki. The authors vouch for the fidelity of this report to the protocol and for the accuracy and completeness of the data and the analyses.
PATIENT SELECTION
We enrolled consecutive patients, 18 years of age or older, with left-sided, native-valve infective endocarditis and a high risk of embolism. For all patients with suspected infective endocarditis, blood cultures were obtained and transthoracic echocardiography was performed within 24 hours after hospitalization. Patients were eligible for enrollment if they had received a diagnosis of definite infective endocarditis according to the modified Duke criteria 10 and had severe mitral valve or aortic valve disease and vegetation with a diameter greater than 10 mm. To minimize the number of unnecessary surgeries and the risk of prosthesisrelated morbidity, we only enrolled patients with infective endocarditis accompanied by severe valve disease. All patients provided written informed consent.
In accordance with the 2006 ACC-AHA guidelines on surgical indications for infective endocarditis, 9 patients were excluded if they had moderate-to-severe congestive heart failure, infective endocarditis complicated by heart block, annular or aortic abscess, destructive penetrating lesions requiring urgent surgery, or fungal endocarditis. Other exclusion criteria were an age of more than 80 years, coexisting major embolic stroke with a risk of hemorrhagic transformation at the time of diagnosis, and a serious coexisting condition (e.g., cancer) (Fig. 1 ). Patients were also excluded if they had infective endocarditis involving a prosthetic valve, right-sided vegetations, or small vegetations (diameter, ≤10 mm) or had been referred from another hospital more than 7 days after the diagnosis of infective endocarditis.
docarditis, results of blood cultures, use of antibiotic therapy, results of echocardiography, results of radiologic imaging studies, and operative risk. At baseline, all patients underwent transesophageal echocardiography and computed tomography of the brain and abdomen with the administration of a contrast agent in order to detect any silent embolism. Patients were randomly assigned in a 1:1 ratio to the early-surgery group or the conventional-treatment group with the use of a Web-based interactive response system. The treatment assignments were computer-generated and stratified according to the involved valve and participating center by means of a permuted-block sequence with variable block size. The protocol specified that patients who were assigned to the early-surgery group should undergo surgery within 48 hours after randomization. Patients assigned to the conventional-treatment group were treated according to the AHA guidelines, 2 and surgery was performed only if complications requiring urgent surgery developed during medical treatment or if symptoms persisted after the completion of antibiotic therapy. Details of the study procedures are provided in the Supplementary Appendix, available at NEJM.org.
All patients were followed during hospitalization; at 4 weeks, 6 weeks, 3 months, 6 months, and 1 year; and at 6-month intervals thereafter until September 2011.
STUDY END POINTS
The primary end point was a composite of inhospital death or clinical embolic events that occurred within 6 weeks after randomization. An embolic event was defined as a systemic embolism fulfilling both prespecified criteria: the acute onset of clinical symptoms or signs of embolism and the occurrence of new lesions, as confirmed by follow-up imaging studies. Cutaneous manifestations or metastatic abscesses were not considered to be embolic events. A specific diagnosis of cerebral embolism was confirmed by an experienced neurologist on the basis of additional magnetic resonance imaging of the brain. We did not perform follow-up imaging studies systematically to detect subclinical embolic events. Prespecified secondary end points, at 6 months of follow-up, included death from any cause, embolic events, recurrence of infective endocarditis, and repeat hospitalization due to the development of congestive heart failure.
STATISTICAL ANALYSIS
We estimated that a sample of 74 patients would provide 80% power to detect a significant difference with respect to the primary end point at a two-sided significance level of 0.05, assuming that the in-hospital event rate would be 23% in the conventional-treatment group and 3% in the early-surgery group. These rates were based on outcome data in the early prospective trial 11 and our previous study. 12 Analyses were performed on an intention-to- Of the 134 patients who received a definite diagnosis of infective endocarditis, 26 required urgent surgery and 18 did not have large vegetations or severe valve disease; 90 patients were assessed for eligibility, 14 of whom were excluded. Of the 76 patients who underwent randomization, 37 were assigned to the early-surgery group and 39 to the conventional-treatment group; all these patients were included in the intention-to-treat analysis. 
R E SULT S
CHARACTERISTICS OF THE PATIENTS
From September 2006 through March 2011, a total of 76 patients with infective endocarditis who were candidates for early preemptive surgery were enrolled at the Asan Medical Center (71 patients) and Seoul National University Hospital (5) in Korea. We randomly assigned these patients to early surgery (37 patients) or conventional treatment (39). The enrollment profile is shown in Figure 1 . The treatment groups were generally well balanced with regard to baseline clinical characteristics ( Table 1 ). The mean age of the patients was 47 years, and 67% were men. The mitral valve was involved in 45 patients, the aortic valve in 22, and both valves in 9. Severe mitral regurgitation was observed in 45 patients, severe aortic regurgitation in 23, severe aortic stenosis in 3, severe mitral regurgitation and stenosis in 1, and both severe mitral regurgitation and aortic regurgitation in 4. The median diameter of vegetation was 12 mm (interquartile range, 11 to 17). All patients met the Duke criteria for definite endocarditis; the most common pathogens in both groups were viridans streptococci (in 30% of all patients), other streptococci (in 30%), and Staphylococcus aureus (in 11%). The adequacy of antibiotic therapy was compared between treat- ment groups (Table 2 ). There were no significant between-group differences in terms of control of the underlying infection, the antibiotic regimen used, or the duration of antibiotic therapy.
SURGICAL PROCEDURES
All patients in the early-surgery group underwent valve surgery within 48 hours after randomization; the median time between randomization and surgery was 24 hours (interquartile range, 7 to 45). Of the 22 patients with involvement of the mitral valve, 8 patients underwent mitral-valve repair and 14 underwent mitral-valve replacement with a mechanical valve. Of the 15 patients with involvement of the aortic valve or both the mitral and aortic valves, 14 underwent mechanical-valve replacement and 1 underwent valve replacement with a biologic prosthesis. Concomitant coronary-artery bypass grafting at the time of valve surgery was performed in 2 patients (5%).
Of the 39 patients assigned to the conventional-treatment group, 30 (77%) underwent surgery during the initial hospitalization (27 patients) or during follow-up (3). The surgical procedures included 11 mitral-valve repairs, 6 mitral-valve replacements (with 5 patients receiving a mechanical valve and 1 a biologic prosthesis), 11 aorticvalve replacements (with 9 patients receiving a mechanical valve and 2 a biologic prosthesis), and 2 combined aortic-valve replacements (with 1 patient receiving a mechanical valve and 1 a biologic prosthesis) and mitral-valve repairs. In 8 patients (21%), indications for urgent surgery developed during hospitalization (median time to surgery after randomization, 6.5 days [interquartile range, 6 to 10]). Elective surgery was performed in an additional 22 patients owing to symptoms or left ventricular dysfunction more than 2 weeks after randomization. Surgical results are shown in the Supplementary Appendix.
PRIMARY END POINT
The primary end point of in-hospital death or embolic events within the first 6 weeks after randomization occurred in one patient (3%) in the earlysurgery group, as compared with nine (23%) in the conventional-treatment group (hazard ratio, 0.10; 95% confidence interval [CI], 0.01 to 0.82; P = 0.03). In the early-surgery group, one patient died in the hospital and no patients had embolic events; in the conventional-treatment group, one patient died in the hospital and eight patients had embolic events (Table 3 ). All the primary end points in the conventional-treatment group occurred before valve surgery. No patients died within 30 days after surgery in either group. At 6 weeks after randomization, the rate of embolism was 0% in the early-surgery group, as compared with 21% in the conventional-treatment group (P = 0.005). Details of the deaths and embolic events are summarized in Tables S1 and S2 in the Supplementary Appendix.
SECONDARY END POINTS DURING FOLLOW-UP
The median follow-up time was 749 days (interquartile range, 425 to 1242), and all patients underwent complete follow-up, which began at randomization and ended in September 2011. During follow-up, there were two deaths from noncardiac causes and no deaths from cardiac causes in the early-surgery group; in the conventional-treatment group, there was one death from noncardiac causes and one from cardiac causes ( Table S1 in the Supplementary Appendix). Anticoagulation was effectively maintained during the entire follow-up period in patients with mechanical-valve replacement and for 3 months in those who received a biologic prosthesis and had no risk factors. No patient in either group had an embolic event or was hospitalized for congestive heart failure during follow-up. Recurrence of infective endocarditis within 6 months after discharge was not observed in any patient in the early-surgery group but was reported in 1 patient in the conventional-treatment group. Among the 11 patients (28%) in the conventional-treatment group who were treated medically and discharged without undergoing surgery, 1 (3%) died suddenly, 7 (18%) had symptoms related to severe valve disease or recurrence of infective endocarditis (3 of whom underwent surgery during followup), and 3 (8%) had no symptoms or embolic events (Table S3 in the Supplementary Appendix).
There was no significant difference between the early-surgery and conventional-treatment groups in all-cause mortality at 6 months (3% and 5%, respectively; hazard ratio, 0.51; 95% CI, 0.05 to 5.66; P = 0.59) ( Fig. 2A) . At 6 months, the rate of the composite of death from any cause, embolic events, recurrence of infective endocarditis, or repeat hospitalization due to the development of congestive heart failure was 3% in the earlysurgery group, as compared with 28% in the conventional-treatment group (hazard ratio, 0.08; 95% CI, 0.01 to 0.65; P = 0.02). The estimated actuarial rate of end points was significantly lower in the early-surgery group than in the conventional-treatment group (P = 0.009 by the log-rank test) (Fig. 2B ).
DISCUSSION
Our randomized trial comparing early valve surgery with conventional treatment in patients with infective endocarditis showed that early surgery performed within 48 hours after diagnosis reduced the composite primary end point of death There was no significant between-group difference in all-cause mortality at 6 months (Panel A). The rate of the composite end point of death from any cause, embolic events, recurrence of infective endocarditis, or repeat hospitalization due to the development of congestive heart failure was 3% in the early-surgery group versus 28% in the conventional-treatment group (hazard ratio, 0.08; 95% CI, 0.01 to 0.65; P = 0.02) (Panel B).
The from any cause or embolic events by effectively reducing the risk of systemic embolism. Moreover, these improvements in clinical outcomes were achieved without an increase in operative mortality or recurrence of infective endocarditis. Systemic embolism, which occurs in approximately one third of patients with infective endocarditis and involves the central nervous system in up to 65%, is the second most common cause of death, after congestive heart failure, in this patient population. 1,2,13 Several studies using propensity-scoring models have shown conflicting results with respect to the benefits of surgery, 12, [14] [15] [16] and the choice between surgery and medical therapy has not been clear-cut. Previous observational studies comparing the outcomes of surgery with those of medical therapy have been subject to the limitations imposed by baseline differences between the treatment groups and treatment-selection and survivor biases 12,14-18 ; prospective, randomized trials may reduce these limitations.
In this randomized trial, we hypothesized that the benefits of surgical treatment would be maximized by performing surgery within 48 hours after randomization, because the risk of embolism has been reported to be particularly high during the first week after diagnosis. 4, 6, 19 The rate of embolism in the conventional-treatment group was similar to that reported in other studies, 6, 11, 12 and the rate of embolism in the early-surgery group was markedly reduced, as compared with conventional treatment, as expected from our previous observational study. 12 Therefore, we suggest that early surgery is a valuable therapeutic option to prevent embolism.
We found that the in-hospital and 6-month mortality in both groups was substantially lower than that reported previously. There may be several explanations for the lower mortality in our study. First, the proportion of patients with poor prognostic factors, such as moderate-to-severe congestive heart failure, altered mental status, and staphylococcal infection, was lower than in previous studies. 15, 16, 20 Second, the rate of death within 30 days after surgery in this study was very low, and more than 80% of our patients underwent valve surgery during the initial hospitalization. Our aggressive surgical approach may be related to the low mortality, but our study was not designed to address this issue. Third, blood cultures were obtained and echocardiography was performed within 24 hours after hospitalization in all patients with suspected infective endocarditis. Because the diagnosis of infective endocarditis must be made as soon as possible in order to initiate therapy, and a delay in diagnosis causes severe complications, 2 rapid diagnosis might be related to the favorable outcome observed in our study.
Our study has several limitations. The trial was limited in scope, in that it included patients with severe valvular disease and large vegetations and excluded those with major stroke, infective endocarditis involving a prosthetic valve, or aortic abscess. Our exclusion criteria also affected the relative frequencies of causative microorganisms, and the incidence of infective endocarditis due to S. aureus was lower than that in previous studies. 1, 21 The risk-benefit ratio of early surgery over conventional treatment may differ according to the type of high-risk situation and the causative organism. The rate of death within 30 days after surgery was very low in our study, and our study patients had low operative risk. The results of our study may not be applicable to low-volume medical centers or to patients with high operative risk. Although randomization was stratified according to participating center, an analysis of outcomes according to center was not performed because of the large differences in the number of enrolled patients among the sites.
In conclusion, early surgery, as compared with conventional treatment, significantly reduced the composite end point of death from any cause or embolic events by effectively reducing the risk of systemic embolism among patients with infective endocarditis and large vegetations.
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